Abstract. Two high-speed plankton samplers (Gulf VII/PRO-NET and MAFF/Guildline) currently in use to sample pelagic eggs and larvae in waters around the UK are described. Both samplers are modifications of Gulf III type samplers and are capable of being towed at speeds of up to 7 knots (3.6 m s~'). The performance of the samplers (flow rates, degree of clogging of the nets and sample depth profiles) can be monitored during deployment. The real-time monitoring packages also provide vertical profiles of temperature, salinity and chlorophyll a fluorescence. Both samplers can be constructed in different sizes to suit the vessel from which the sampler is deployed and the expected concentration of plankton in the sampling area.
Introduction
There are various types of plankton sampler in use, but many research workers studying marine fish eggs and larvae in UK waters use 'high-speed' designs which stem from the Gulf III type sampler (Gehringer, 1952) . Various adaptations of this design have been given different names without following any common convention, e.g. the Multi-purpose plankton sampler (Beverton and Tungate, 1967) , Gulf V sampler (Arnold, 1959) , modified Gulf V 'Nackthai' (Nellen and Hempel, 1969) , modified Gulf V (Lockwood, 1974) and MAFF/Guildline highspeed samplers (Milligan and Riches, 1983) . In all cases, the modifications have been towards lighter samplers which are capable of carrying a number of sensors and auxiliary sampling nets whilst retaining the ability to be towed at speeds of up to 7 knots (3.6 m s" 1 ). In recent years, the samplers have benefited from incorporating advances in electronic monitoring systems and now provide 'real-time' display of gear performance and sensor data on board the sampling vessel.
Many other European institutes also use high-speed plankton samplers and have developed their own designs. It is hoped that the description of the samplers provided here will encourage the development of a standard European design. This would be particularly useful when a number of countries participate in coordinated programmes, i.e. the ICES triennial western mackerel egg surveys. The sampler frames described are of simple design, provide a strong and stable towed instrument platform, and are relatively cheap to manufacture.
Owing to the changes in design and lack of convention in naming these highspeed plankton samplers, it now appears that there are no formal descriptions of the equipment, which is currently used to sample fish eggs and larvae in UK waters. This paper provides descriptions of two lightweight, high-speed plankton samplers, which were used on hundreds of deployments sampling the ichthyoplankton of the Irish Sea during 1995. The sampler designs described here are both 'unencased' high-speed samplers similar to that described by Lockwood (1974) . The MAFF sampler is fitted with a 'Guildline' conductivity, temperature, depth (CTD) sensor unit which has been modified to relay 'realtime' flowmeter information back to a shipboard display unit. The Gulf VII uses a Spartel Ltd CTD and flow monitoring system marketed as PRO-NET™ (Spartel Ltd, Totnes, Devon, UK). Both systems have recently been used by a number of laboratories (CEFAS Laboratory, Lowestoft; Department for Agriculture for Northern Ireland, Belfast; Department of the Marine, Dublin; Port Erin Marine Laboratory, Isle of Man) working on zooplankton and fish egg and larval research, as well as in the ICES co-ordinated surveys for estimating the spawning stock biomass (SSB) of the western mackerel and horse mackerel stocks by egg survey.
A variant of the PRO-NET system, the PRO-LHPR, is also available and is configured for use to take multiple samples on a single haul. The PRO-LHPR is used by Hamburg University, Las Palmas University, the British Antarctic Survey, the CEFAS Laboratory Lowestoft, the Southampton Oceanographic Centre and the Instituto de Ciencias del Mar at Barcelona (for both Mediterranean and Antartic studies).This is an upgraded system based on the LHPR (Longhurst-Hardy Plankton Recorder), designed and described by Williams et al. (1983) . Essentially, the PRO-LHPR is a Gulf VII net frame fitted with the PRO-NET sensor and data storage/transmission electronics and additional cod end units to store multiple samples (up to 100 on a single haul) contained on an intermittently advanced roll of filtering gauze. The system can be fitted with both coarse mesh net (e.g. 100 um), as on the standard Gulf VII frame, and a smaller finer mesh (e.g. 53 um) unit mounted on the top of the frame to take samples of microzooplankton (e.g. for studies of food availability for larval fish).
Samplers

GulfVWPRO-NET high-speed sampler
Frame. The Gulf VII/PRO-NET sampler frame (Figure 1 ) follows the basic design of the modified Gulf V (Lockwood, 1974) . It is an unencased frame 2.75 m in length X 0.76 m in diameter, manufactured in marine-grade aluminium. Smaller and larger variants of the frame are also available (2.0 m x 0.5 m diameter or 2.75 m X 0.9 m diameter with equivalent changes in nose cone and net dimensions). A conical fibreglass nosecone with an enclosed angle of 30° (which gives optimal acceptance in flume tank tests; Brander et al., 1993) is attached by quick-release fastenings to the front of the sampler. The standard inlet is 0.40 m diameter with an optional reduction cone of 0.32 m diameter for use where clogging is encountered. The conical nosecones of high-speed samplers allow them to be towed routinely at 5 knots and, on occasions, at speeds of up to 7 knots without unduly affecting the condition of the plankton collected. Bongo samplers, however, have no reducing nosecone and are therefore towed at lower speeds (3-4 knots). At speeds >5 knots, the water pressure in a Bongo can cause damage to the plankton collected and possibly to the filtering net. A conical filtering net (made from 280-um-aperture monofilament nylon mesh) 2.3 m in length is fitted internally to the frame giving an open net area to nose cone aperture ratio of around 24:1 with the 0.40-m-diameter aperture nose cone. A cod end bag, made from impermeable woven polyester, with a filtering section of 280 um mesh, is attached to the end of the net via a 30° angled plastic fitting. The cod end is designed to protect the sample during collection and washing of the net after deployment.
The towing cable is attached via a stainless steel bridle mounted on top of the front flange of the sampler frame. Stability of the sampler is maintained by a tail plane (1.07 m wide) mounted on two side fins at the rear of the frame and a 40 kg depressor attached via a short strop to the bottom of the front flange. A drogue, which aids stability and facilitates deployment and recovery, is attached on a length of line to the rear of the frame. The weight of the complete assembly (with depressor) is around 150 kg in air. Towing loads are in the range 400-800 kg at the recommended towing speeds of 3.5-5 knots (1.8-2.6 m s -1 ) requiring a minimum of 8-mm-diameter towing cable for an adequate safety margin.
PRO-NET electronics system. The PRO-NET electronics system is a sensor package for plankton samplers which enables sensor data to be either transmitted in real time via a coaxial cable to a PC display on board the sampling vessel or logged internally for subsequent download. The standard set of sensors consists of depth, temperature, internal flow (i.e. volume of water filtered) and external flow (for an index of sampler efficiency). Optional sensors include fluorescence (chlorophyll a), conductivity (salinity), turbidity and 2 axis tilt (for attitude of sampler frame). A list of sensors and their performance is given in Table I . The internal flowmeter (Valeport BFM002 with a blade diameter of 50 mm) is mounted coaxially in the conical inlet cone halfway between the centre and the nosecone edge. The external (BFM002) flowmeter is mounted in a stainless steel tube (0.22 m X 0.09 m diameter) at the end of a 0.30-m-long arm projecting from the side of the sampler frame. The depth sensor is integral to the electronics cylinder, while all other sensors are mounted on a flat plate on top of the sampler frame.
The underwater electronics are fitted in a stainless steel pressure cylinder (330 mm X 147 mm diameter) mounted on one side of the sampler frame with a matching battery cylinder mounted on the other side. The sensor cylinder contains circuit boards for voltage regulation, signal conditioning, data storage and signal transmission by cored cable. All sensor outputs are scanned and recorded at 0.5 s intervals with signal processing via a Hitachi microprocessor, controlled by custom software held in EPROM on the processor card. The system has 512 k of RAM for storage of up to 6 h of sampling data when used in self-contained data logging mode.
The battery cylinder contains one or two stacks (for optional sensors), each of 10 x 1.2 V nickel-cadmium cells hard-wired and potted in position to give a nominal 12 V supply of 4 Ah capacity per stack. At least 20 h of running time is available on a single charge. Charging is carried out from a Deck Unit, which also houses a liquid crystal display (LCD), for monitoring the voltage of either battery stack.
The data are displayed graphically by the PRO-NET computer program ( Figure 2 ) which also provides calibration routines, data storage facilities, tabulated data summaries (Table II) and ASCII export routines. The program runs under DOS with operation via a series of drop-down menus and dialogue boxes. 
MAFF/Guildline high-speed sampler
Frame. The MAFF/Guildline sampler frame (Figure 3) is an unencased version of that described by Milligan and Riches (1983) , and is similar in design to the Gulf VII/PRO-NET sampler frame described above. The frame is 2.75 m long and 0.76 m in diameter. It is manufactured from marine-grade aluminium tubing held rigid by four circular aluminium bands forming the diameter of the sampler. A conical, fibreglass nose cone with a total enclosed angle of 30° is attached to the front of the frame by quick-release clips. The standard nose cone aperture is 0.40 m in diameter, but a smaller aperture of 0.30 m diameter is available when clogging is encountered. The conical filtering net, towing bridle, nylon tail-plane, drogue and depressor are all similar to those described for the Gulf VII/PRO-NET sampler.
A smaller, unencased frame (2.13 m long and 0.53 m in diameter) is used when sampling from commercial vessels (Lockwood, 1974) , where cored towing cables and slip-ring winches are not available. This frame is fitted with a conical nose cone of 0.20 m aperture diameter. The blades of each flowmeter are modified to house actuating magnets and to take an increased sized stainless steel shaft of 9.5 mm diameter. The propeller support boss is threaded for securing into the flowmeter mount. The boss also contains a 'Hall effect* pick-up, which relays pulses through an interface built into the Guildline underwater unit and via the cored towing cable to a surface display unit.
The 0.53-m-diameter sampler utilizes the same size Valeport flowmeters, which self-log to a LCD unit mounted on the frame. This self-logging unit contains a seawater switch, which begins the logging as the sampler enters the water and stops logging as the sampler is recovered.
MAFF/Guildline CTD electronics units.
The Guildline CTD is a commercially available package consisting of an underwater sensor unit and a surface digital LCD unit. These CTDs have been successfully deployed on all of MAFF Lowestoft's plankton samplers since 1982. The underwater unit is powered from the surface via one core of the eight core electronic towing cable as fitted on MAFF research vessels. This single unit carries sensors mounted in a protective cage and relays the data (conductivity, temperature and depth) back to the surface display unit. These data are transmitted via a second core of the towing cable in a continuous digital stream and are logged directly to a shipboard computer.
There is provision within the underwater unit for additional sensor channels. These have been utilized to transmit the pulses from both flowmeters as a coded digital stream back to a MAFF-designed surface display/interface unit (Milligan and Riches, 1983) . This interface unit also contains the power supply which feeds the Guildline surface unit, control switches, logic and a timer. One button on this unit starts/stops the timer, resets and activates all displays on both surface units and on a ship's log 'distance run* meter.
Spare electrical cores in the towing cable allow other parameters to be measured and real-time data relayed back to the surface. An altimeter mounted on the bottom of the sampler frame provides valuable information on the distance of the sampler from the seabed. This allows MAFF plankton samplers to be routinely deployed to within 2 m of the seabed. Other optional sensors are used to measure fluorescence, turbidity, light, pH and dissolved oxygen.
The data from all the sensors are displayed in 'real time' as digital LCD displays on the surface units with concurrent graphical displays using an EG and G logging package running on a PC. At the end of each deployment, the data file can be edited and summary outputs produced (Table III) using computer programs developed at Lowestoft.
It can be seen from Tables II and HI that the ratio of internal to external flow revolutions is different for the PRO-NET and the MAFF samplers. This is because the internal flowmeters are mounted in different positions within the sampler nosecones and the flow velocity profile across the aperture is not uniform (Anonymous, 1991; Schnack, 1992) .
In the Gulf VII/PRO-NET, the internal flowmeter is mounted halfway between the centre of the nosecone and the nosecone edge. In this position, the velocity of the water entering the nosecone is approximately equivalent to the velocity of water passing the external meter (when the net is not clogged with plankton).
In the MAFF/Guildline sampler, the internal flowmeter is mounted centrally within the aperture. The water velocity through the centre of the nosecone is approximately 1.2 times greater than that passing the external flowmeter (Brander et al., 1993) . The effect of clogging of the net on the flow velocity profile is more pronounced in the central area, with internal flow rate decreasing as clogging progresses. The ratio of internal to external flowmeter revolutions produces an index of clogging, which can be closely monitored when the internal flowmeter is mounted in the central position.
The smaller 0.53 m unencased sampler is used with a self-logging Falmouth Scientific Instruments (FSI) CTD mounted on the frame. This system has 1 megabyte of data storage capacity and 24 h of internal battery life for logging data. There are two spare channels for optional sensors. These channels have routinely been used for measuring light [photosynthetically active radiation (PAR)] and turbidity.
Evaluation
The Gulf VII/PRO-NET and MAFF/Guildline samplers have been used on a variety of sizes of vessels (10-70 m) with relative ease. The option of data logging for subsequent downloading makes it possible to use these systems on smaller boats and commercial fishing vessels where cored towing cables and slip-ring winches are not available. They can be deployed from small vessels in rough seas and wind conditions up to gale force.
Both designs of sampler have been used for many hundreds of deployments in the Irish Sea between February and May 1995 as part of an EU-funded AIR programme. Heavier, encased versions of the MAFF sampler, fitted with Guildline CTDs, have been used on all MAFF plankton surveys since 1982.
Known work where these systems have been used
Owing to the lack of proper descriptions for these samplers, there are a number of papers in the literature which incorrectly cite the samplers, often referring to them as 'Gulf III or modified Gulf V type' and a reference which does not fully describe the sampler. Papers which have utilized a Gulf VII include Ellis and Nash (1997a,b) , and papers which have utilized a Gulf VII/PRO-NET include Dickey-Collas et al. (1996a ,b, 1997 , Fox et al. (1997) and Gowen et al. (1997 Gowen et al. ( , 1998 . 
